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 In this work, size-control of the gold nanoparticles (Au NPs) on silicon 
suboxide (SiOx) film grown by vapor deposition techniques was studied. Investigation 
of the effects of surrounding medium on the structural properties of Au NPs was 
studied first. RF magnetron co-sputtering technique was used to prepare “supported ON” 
and “embedded IN” structure of Au/SiOx films. As-prepared samples were annealed at 
different temperatures from 400 to 1000 
o
C to study the effect of annealing temperature 
on the growth of Au NPs. For both structures of Au/SiOx film, size and shape of Au 
NPs were observed to be temperature-dependent. Au NPs embedded IN SiOx film 
seemed to appear and distribute uniformly on the surface of SiOx film at 800 
o
C, while, 
Au NPs deposited on the surface of SiOx film demonstrated a uniform dispersion of 
elongated and island-like Au particles at 400 
o
C. The shape of particles changed to 





of closely packed SiOx nanowires (NWs), which follows the solid-liquid-solid (SLS) 
growth mechanism, was observed at 1000 
o
C. Position and width of surface plasmon 
resonance (SPR) peak were greatly dependent on the size and shape of Au NPs. For the 
second part of this work, only Au/SiOx film with “supported ON” structure was studied 
due to its intriguing morphological properties besides simple controlled synthesis 
method. Homebuilt plasma-enhanced chemical vapor deposition (PECVD) technique 
and direct current (DC) sputter coater were introduced to prepare Au on SiOx film. 
Effect of N2O/SiH4 flow rate ratio on growth of Au NPs was studied with annealing 
temperature being kept constant at 800 
o
C. High concentrations of Au NPs were 
distributed evenly on the surface of SiOx film prepared at optimal flow rate ratio of 30. 
Annealing process improved the SPR peak for all as-deposited samples. FWHM of 
SPR peak was the dominant factor to correlate with the size of Au particle. In order to 
reduce unnecessary contamination that may occurred during the removal of sample 
from vacuum chamber to sputter coater, a one-step process was introduced - Hot Wire 
Assisted PECVD technique. Evaporation of Au controlled by a shutter was carried out 
in a vacuum chamber immediately after the deposition of SiOx film at optimal flow rate 
ratio of 30. Role of SiOx film as a barrier for preventing agglomeration of Au NPs was 
studied. It was confirmed that the weak Au-SiOx chemical interaction allows the 
precise study of Au NPs alone by eliminating other unwanted factors. Lastly, the effect 
of substrate heating on the growth of Au NPs was investigated to determine the 
possibility of preparing a uniform and smaller size of Au NPs without using the post 
thermal-annealing technique. It was found that Au NPs with uniform size around 6.45 
nm can be obtained as substrate temperature is set at 300 
o
C. No formation of NPs can 
be observed below 300 
o
C. Further thermal annealing process at lower temperature of 
200 
o
C was shown to improve the distribution of Au NPs. FWHM of SPR peak became 








 Dalam kerja penyelidikan ini, kawalan saiz nanozarah emas (Au) yang 
disediakan pada filem silicon suboxide (SiOx) telah dikaji dengan menggunakan teknik 
pemendapan wap. Bahagian pertama kerja ini melibatkan penyiasatan kesan keadaan 
persekitaran pada sifat-sifat struktur nanozarah emas. Teknik RF magnetron bersama-
pemercikan telah digunakan untuk menyediakan filem Au/SiOx yang mempunyai 
struktur "dilonggokkan di atas" dan "tertanam dalam". Sampel yang baru disediakan 
telah disepuh lindap pada suhu yang berbeza untuk mengkaji kesan suhu sepuhlindap 
atas pertumbuhan nanozarah emas. Bagi kedua-dua struktur filem Au/SiOx, saiz dan 
bentuk nanozarah emas bergantung pada suhu. Nanozarah emas yang tertanam muncul 
dan mengedar dengan seragam pada permukaan filem SiOx pada 800 
o
C. Manakala, 
nanozarah emas yang dilonggokkan di atas permukaan filem SiOx menunjukkan 
penyebaran seragam zarah Au yang berbentuk memanjang dan pulau pada suhu 400 
o
C. 
Zarah Au telah berubah menjadi bentuk sfera apabila suhu penyepuhlindapan 
meningkat dari 400 hingga 800 
o
C. Pertumbuhan nanowayar SiOx yang padat adalah 
mengikut pertumbuhan mekanisme pepejal-cecair-pepejal dan fenomena ini dapat 
diperhatikan pada suhu 1000 
o
C. Kedudukan dan lebar puncak permukaan plasmon 
resonans (SPR) amat bergantung pada saiz dan bentuk nanozarah emas. Untuk 
bahagian kedua kerja ini, hanya Au/SiOx dengan struktur "dilonggokkan di atas" telah 
dikaji kerana sifat morfologinya yang menarik selain daripada kaedah sintesis kawalan 
yang ringkas. Sistem pemendapan wap kimia secara peningkatan plasma (PECVD) 
buatan sendiri dan DC terbatuk-batuk coater telah diperkenalkan untuk menyediakan 
Au di atas filem SiOx. Kesan nisbah kadar aliran gas N2O/SiH4 kepada pertumbuhan 
nanozarah emas telah dikaji dengan suhu sepuhlindap dikekalkan pada 800 
o
C. 
Nanozarah emas yang berkepekatan tinggi telah diagihkan secara sama rata pada 
permukaan filem SiOx yang telah disediakan pada nisbah kadar aliran gas yang 
optimum, iaitu 30. FWHM bagi puncak SPR adalah faktor dominan yang berkorelasi 
dengan saiz zarah Au. Demi tujuan untuk mengurangkan pencemaran yang tidak 
diperlukan, dan berlaku semasa perpindahan sampel dari kebuk vakum ke DC terbatuk-
batuk coater, proses satu langkah telah diperkenalkan – teknik Hot Wire bantuan 
PECVD. Penyejatan Au yang dikawal oleh pengatup dijalankan dengan serta merta di 
dalam ruang vakum selepas pemendapan filem SiOx pada nisbah kadar aliran optima, 
iaitu 30. Peranan filem SiOx sebagai penghalang untuk mencegah pengumpalan 
nanozarah emas telah dikaji. Ia mengesahkan bahawa interaksi kimia antara Au dan 
SiOx yang lemah membolehkan kajian tepat ke atas nanozarah emas dengan 
mengelakkan faktor-faktor lain yang tidak diingini. Akhir sekali, kesan pemanasan 
substrat ke atas pertumbuhan nanozarah emas telah dikaji untuk menentukan 
kemungkinan untuk menyediakan nanozarah emas yang mempunyai saiz yang sekata 
dan lebih kecil tanpa menggunakan teknik terma-penyepuhlindapan akhir. Ia telah 
didapati bahawa nanozarah emas dengan saiz kira-kira 6.45 nm dapat diperoleh apabila 
suhu substrat ditetapkan pada 300 
o
C. Pembentukan nanozarah emas tidak dapat 
diperhatikan di bawah 300 
o
C. Proses penyepuhlindapan pada suhu yang lebih rendah 
(200 
o
C) ditunjukkan boleh menambah baik taburan nanozarah emas. FWHM bagi 
puncak SPR menjadi sempit apabila jarak antara nanozarah emas meningkat 







 First and foremost, I would like to express my sincere gratitude to my 
supervisor Dr Zarina binti Aspanut for her continuous support of my MSc study and 
research in Low Dimensional Materials Research Centre (LDMRC). Under her 
guidance I successfully overcame many difficulties and learned a lot for past two years. 
Her guidance indeed helped me in all the time of research and writing of this thesis. 
She gave me a lot of valuable advices and encouragement during my study. I could not 
have imagined having a better supervisor for my MSc study. My grateful thanks also go 
to Prof. Datin Dr. Saadah Binti Abdul Rahman, head of LDMRC. She gave me much of 
freedom to explore my ability in doing research. Because of her support, I am able to 
join the summer internship in prestigious University in overseas countries like Japan 
and Taiwan to explore myself. It is honest to say that, without her leadership, LDMRC 
will not become one of the excellent research centers in UM now. Our center now is 
fully equipped with many advanced synthesis and characterization instruments. As a 
student in this center, I fully benefit from this group.  
 Besides that, I would like to extend my thanks to my senior mentor, Dr Goh 
Boon Tong. Since my first day in this lab, he put much effort in helping me to develop 
my hands-on skill in using the synthesis and characterization instruments. On the other 
hands, he is also my mountain hiking partner. He always shared his research experience 
with me during the hiking trip. It indeed encourages me in further pursuing my study 
towards the direction of PhD. In addition, I also want to appreciate the contribution and 
hard works from my group members. They are Mr Chong Su Kong, Mrs Maisara 
Othman, Mrs Noor Hamizah Khanis and Miss Nur Maisarah Abdul Rashid. We always 
have some intensive group discussion. I really appreciated their insightful comments 
and hard questions on my work. Also, I want to gratefully acknowledge the senior 
scientific officers in department of Physics, Mrs. Zurina Marzuki and lab assistants in 
LDMRC, Mr Mohamad Aruf and Mrs Norlela Mohd Shahardin. Because of their 
kindly assistance in operating the characterization instruments like Auger, XRD, 
Raman and PL spectroscopy, I can obtain and analyze my data smoothly. My sincere 
thank also goes to my fellow lab members in LDMRC: Dr Richard Ritikos, Mr Gan 
Wee Chen, Mr Lim Lih Wei, Mr Ng Boon Ki, Miss Toong Way Yun, Mr Ragib 
Badaruddin and Miss Noor Khairiah, for the help and all the fun we have had during 
my moment in LDMRC.  
 I would also like to acknowledge the financial support given which include 
Fundamental Research Grant Scheme (FRGS) FP045-2010B, University Malaya 
Research Grant (UMRG) RG069-09AFR and Postgraduate Research grant (PPP) 
PS306-2009C and PV007-2011B. 
 Last but not least, I would like to give my very special thanks to my parents and 
girlfriend, Chop Phui Yee. They give me a lot of encouragement and moral support 
whenever I confronted the problem during my study. Without their support, I must 
admit that I can’t make it until this stage. I am really grateful for having them by my 
side. 




LIST OF PUBLICATIONS 
 
Peer Reviewed Papers (ISI/SCOPUS Cited Publication) 
1) Keewah Chan, Zarina Aspanut, Boontong Goh, Chornghaur Sow, Binni 
Varghese, Saadah Abdul Rahman, Muhamad Rasat Muhamad (2011), “Effects 
of post-thermal annealing temperature on the optical and structural properties of 
gold particles on silicon suboxide films”, Applied Surface Science 257, 2208-
2213.  I.F. 2.103 
 
2) Keewah Chan, Zarina Aspanut, Boontong Goh, Muhamad Rasat Muhamad, 
Saadah A. Rahman (2011), “Formation of gold nanoparticles in silicon 
suboxide films prepared by plasma enhanced chemical vapour deposition”, Thin 
Solid Films 519, 4952-4957. I.F. 1.890 
 
3) Keewah Chan, Boontong Goh, Saadah A. Rahman, Muhamad Rasat Muhamad, 
Chang Fu Dee, Zarina Aspanut (2012), “Annealing effect on the structural and 
optical properties of embedded Au nanoparticles in silicon suboxide films”, 
Vacuum 86, 1367-1372. I.F. 1.317 
 
4) Najwa Rosli, Kee Wah Chan, Ilyani Putri Jamal, Saadah A. Rahman, Boon 
Tong Goh, Zarina Aspanut (2012), “Effect of Rapid Thermal Annealing Time 
on the Structural and Optical Properties of Layered Structured SiOx/Au/SiOx 
Film”. Advanced Materials Research 501, 221-225. 
 
5) Kee Wah Chan, Boon Tong Goh, Saadah Abdul Rahman, Zarina Aspanut 
(2012), “Au/nc-Si:H Core-Shell Nanostructures Prepared by Hot Wire Assisted 
Plasma Enhanced Chemical Vapour Deposition Technique”, Surface Coatings 












TABLE OF CONTENTS 
 
DECLARATION 
ABSTRACT ............................................................................................................................ i 
ABSTRAK ............................................................................................................................. ii 
ACKNOWLEDGEMENTS .................................................................................................. iii 
LIST OF PUBLICATIONS .................................................................................................. iv 
TABLE OF CONTENTS…………………………………………………………………....v 
LIST OF FIGURES ............................................................................................................ viii 
LIST OF TABLES .............................................................................................................. xiii 
 
CHAPTER 1: THESIS OVERVIEW ................................................................................. 1 
1.1 Background to the Research ................................................................................ 1 
1.2 Research Problem and Motivations ..................................................................... 3 
1.3 Significance and Implications of the Research .................................................... 4 
1.4 Structure of Thesis ............................................................................................... 5 
 
CHAPTER 2: LITERATURE REVIEW ........................................................................... 7 
2.1 Introduction ......................................................................................................... 7 
2.2 Metal-Dielectric Nanocomposite Films ............................................................... 7 
2.3 Au/SiOx Nanocomposite Film ............................................................................ 12 
2.4 Surface Plasmon Resonance in Au nanoparticles ............................................. 16 
2.5  Potential Application of Au/SiOx ....................................................................... 19 




CHAPTER 3: EXPERIMENTAL AND ANALYTICAL TECHNIQUES ................... 21 
3.1 Introduction ....................................................................................................... 21 
3.2 Sample Preparation ........................................................................................... 23 
3.3 Physical Vapour Deposition (PVD) Technique ................................................. 25 
3.3.1 RF Magnetron Sputtering System ............................................................... 25 
3.4 Chemical Vapour Deposition (CVD) Technique ............................................... 33 
3.4.1 Radio Frequency Plasma Enhanced Chemical Vapour Deposition                
 (RF-PECVD) .............................................................................................. 33 
3.5 Gold Preparation Technique ............................................................................. 38 
3.5.1 DC Sputtering Technique ........................................................................... 38 
3.5.2 Hot Wire Evaporation Technique ............................................................... 40 
3.6 Thermal Annealing Technique ........................................................................... 44 
3.7 Analytical Techniques ........................................................................................ 46 
3.7.1 Field Emission Scanning Emission Microscopy (FESEM) ........................ 47 
3.7.2 Fourier Transform Infrared (FTIR) ........................................................... 50 
3.7.3 X-ray Diffraction (XRD) ............................................................................. 53 
3.7.4 Ultraviolet-Visible-Near Infrared (UV-VIS-NIR)....................................... 57 
 
CHAPTER 4: RESULTS AND DISCUSSION ............................................................... 61 
4.1      Introduction ....................................................................................................... 61 
4.2      Physical Vapor Deposition (PVD) Method ....................................................... 64 
4.2.1      Introduction ................................................................................................. 64




4.2.2       Supported ON Structures ........................................................................... 65 
4.2.3       Embedded IN Structures ............................................................................ 77 
4.3      Chemical Vapor Deposition (CVD) Method ...................................................... 91 
4.3.1       Introduction ................................................................................................ 91 
    4.3.2       DC-Sputtered Au Layer on SiOx Film ........................................................ 93 
       4.3.2.1        Effect of Flow Rate Ratio of Nitrous Oxide/Silane Gases on the 
                             Growth of Au NPs ............................................................................. 93 
   4.3.3        Hot Wire Evaporated Au Layer on SiOx Film .......................................... 106 
       4.3.3.1        Role of SiOx Film to the Growth of Au NPs ................................... 106 
      4.3.3.2        Effect of Heated SiOx film on the growth of the Au NPs ................. 112 
   
CHAPTER 5: CONCLUSION AND FUTURE WORKS ............................................ 123 
5.1 Conclusion ....................................................................................................... 123 
5.2 Future Works ................................................................................................... 126 
 








LIST OF FIGURES 
Figure 1.1 Schematic illustration of metal/oxide-based dielectric matrices 
in different dimension (Davide Barreca et al. 2011). 
 
2 
Figure 2.1 Lycurgus Cup (a Roman goblet dating from the 4th century 
A.D) in (a) reflected and (b) transmitted light. 
 
9 
Figure 2.2 Supported ON (a) and embedded IN (b) structure of 
metal/dielectric nanocomposite films. 
 
11 
Figure 2.3 Schematic diagram showing the charge polarization resulted 
from the interaction  between electromagnetic waves and 
conduction electrons in metal NPs. 
 
18 
Figure 3.1 Sputtering mechanism of magnetron sputtering. 
 
26 




Figure 3.3 Real image of (a) DC and RF power supply, (b) Emergency 
OFF button and (c) MFC and pressure controller. 
 
28 
Figure 3.4 Real images of components on control cabinet. 
 
29 
Figure 3.5 Preparation of SiO2 target. 
 
31 
Figure 3.6 “Supported ON” structure of Au/SiOx film. 
 
31 
Figure 3.7 Preparation of Au wire and SiO2 target. 
 
32 
Figure 3.8 “Embedded IN” structure of Au/SiOx film. 
 
32 
Figure 3.9 Schematic diagram of homebuilt RF-PECVD System and real 
image of deposition chamber. 
 
34 
Figure 3.10 SPI-MODULE Sputter Coater. 
 
40 




Figure 3.12 Configuration of thermal evaporation technique using shutter. 43 
Figure 3.13 
 
Schematic diagram of CARBOLITE Tube Furnace. 
 
45 
Figure 3.14 Simplified internal structure of FESEM 49 
Figure 3.15 
 
Real image of FESEM with model of FEI Quanta 200 49 
Figure 3.16 
 
Stretching and bending vibration of molecules 51 
Page 




Figure 3.17 Real image of Fourier transform infrared (FTIR) spectroscopy 
system 2000   
 
53 
Figure 3.18 Schematic of incidence and reflection of X-ray beam by the 
atomic planes of a crystal. 
 
54 
Figure 3.19 Basic features of typical X-ray diffractometer. 
 
55 




Figure 3.21 Real image of Siemens Diffractometer D5000. 
 
56 
Figure 3.22 Optical system of JASCO UV-VIS-NIR spectrophotometer 
with model of V-570. 
 
58 
Figure 3.23 Real image of JASCO UV-VIS-NIR V-570 spectrophotometer. 
 
59 
Figure 4.1 Flow chart of my experimental work. 
 
63 
Figure 4.2 SEM images of the samples annealed at different temperatures: 
(a) 400 °C, (b) 600 °C, (c) 800 °C and (d) 1000 °C. 
 
65 
Figure 4.3 SEM images of the samples annealed at different temperatures: 
(a) 900 °C, (b) 1100 °C. 
 
67 
Figure 4.4 Plane-view (a) TEM and (b) HRTEM images showing the 
nanostructures of samples annealed at 1000 °C. 
 
68 
Figure 4.5 FTIR spectra of samples annealed at different temperatures. 
 
69 
Figure 4.6 Si-O-Si stretching peak with absorption mode at different 
temperatures: 400 °C, 600 °C, 800 °C and 1000 °C. 
 
71 
Figure 4.7 Curve fitting on the Si-O-Si stretching peak with absorption 
mode at annealing temperatures of 1000 °C. 
 
71 
Figure 4.8 XRD spectra of samples annealed at different temperatures. 
 
73 




Figure 4.10 Optical transmittance and reflectance spectra of samples 
annealed at different temperatures. 
 
75 
Figure 4.11 Absorption coefficient spectra of samples annealed at different 
temperatures.  Inset shows the FESEM image of Au/SiOx 









Figure 4.12 FE-SEM images of Au/SiOx films annealed at different 




Figure 4.13 Plane-view of (a) TEM and (b) HRTEM images showing the 
nanostructures of samples annealed at 1000 °C. 
 
80 
Figure 4.14 SEM images of the samples annealed at different temperatures: 
(a) 900 °C, (b) 1100 °C. 
 
80 




Figure 4.16 The absorption coefficient FTIR spectra of the samples 
annealed at different annealing temperatures. 
 
83 
Figure 4.17 Curve fitting on the Si-O-Si stretching peak with absorption 
mode at annealing temperatures of 1000 °C. 
 
84 




Figure 4.19 Optical transmittance and reflectance spectra of Au NPs in 
SiOx films annealed at different temperatures. 
 
87 
Figure 4.20 FESEM image of the Au/SiOx film deposited on quartz 




C. Figure (a) and (b) 








Figure 4.21 The optical absorption coefficient spectra of the Au NPs in 
SiOx films annealed at different annealing temperatures. The 
inset shows the fitted SPR absorption peak except 400 
o
C that 
does not show significant absorption peak   
 
89 
Figure 4.22 FESEM images of Au particles and its size distribution on 
annealed Au/SiOx films deposited at different N2O/SiH4 flow 
rate ratios of (a) 5, (b) 20, (c) 30 and (d) 40. 
 
95 
Figure 4.23 Infrared transmittance spectra of (a) SiOx films, (b) as-
deposited Au/SiOx films and (c) annealed Au/SiOx films 
deposited at different N2O/SiH4 flow rate ratios. 
 
98 
Figure 4.24 Variation of deposition rate of SiOx films deposited as a 
function of N2O/SiH4 flow rate ratio. 
 
99 
Figure 4.25 Variations of (a) full-width at half-maximum (FWHM) and (b) 
peak position of the Si-O-Si stretching modes for the as-
deposited and annealed Au/SiOx films. 
 
100 




Figure 4.26 Variations of change in stretching peak position and FWHM. 
 
101 
Figure 4.27 XRD spectra of (a) as-deposited Au/SiOx films and (b) 




Figure 4.28 Transmittance and reflectance spectra of (a) & (c) as-deposited 
Au/SiOx films and (b) & (d) annealed Au/SiOx films deposited 
at different N2O/SiH4 flow rate ratios.   
 
104 
Figure 4.29 Absorption coefficient spectra and fitted SPR peak of (a) & (b) 
as-deposited Au/SiOx films and (c) & (d) annealed Au/SiOx 
films deposited at different N2O/SiH4 flow rate ratios. 
 
105 
Figure 4.30 Variation of FWHM and peak position of SPR peak of 








Figure 4.32 IR spectra of (a) as-deposited and annealed Au/Si film and (b) 
as-deposited and annealed Au/SiOx film. 
 
109 
Figure 4.33 XRD spectra of (a) Au/Si film and (b) Au/SiOx film. 
 
110 
Figure 4.34 Optical transmittance spectra of (a) as-deposited and annealed 
Au/Si film and (b) as-deposited and annealed Au/SiOx film. 
 
111 
Figure 4.35 FESEM image of (a) as-prepared Au on SiOx films heated at 
300
o
C and (b) sample after thermal annealing at 200
o




Figure 4.36 IR spectra of as-prepared Au on SiOx films prepared at room 
temperature and heated at 300
o






Figure 4.37 XRD spectra of as-prepared Au on SiOx films prepared at room 
temperature (black line) and heated at 300
o
C (red line) and 
annealed Au on SiOx film heated at 300
o
C (blue line). 
 
116 
Figure 4.38 Optical transmittance and reflectance spectra of (a) as-prepared 
Au on SiOx film prepared at room temperature, (b) as-prepared 
Au on SiOx film heated at 300
o
C and (c) annealed Au on SiOx 





Figure 4.39 Optical transmittance spectra of as-prepared Au on SiOx film 
prepared at room temperature, as-prepared Au on SiOx film 
heated at 300
o











Figure 4.40 Graph of absorption coefficient against wavelength for as-
prepared Au on SiOx  film prepared at room temperature, as-
prepared Au on SiOx film heated at 300
o
C and annealed Au on 





Figure 4.41 Absorption spectra of as-prepared Au on SiOx film prepared at 
room temperature, as-prepared Au on SiOx film heated at 
300
o








LIST OF TABLES 
 
Table 3.1 Parameters for the preparation of SiOx film 
 
38 
Table 4.1 Crystallites sizes of Au formed on the surface of the as-
deposited Au/SiOx films and Au/SiOx films annealed 
temperature of 800 
o
C.   
103 
Page 
